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INTRODUCTION
The cumulus oophorus, an outer barrier surrounding most mammalian ova, can be dispersed by hyaluronidase (McClean & Rowlands, 1942 ). This enzyme is present within the acrosomes of spermatozoa (Austin, 1960) . It is released in a soluble form by conditions causing the detachment of the acrosome from the spermatozoon (Swyer, 1947) . Although acrosome loss and hyaluronidase release are most commonly correlated with the loss of sperm motility (Blom, 1945; Kooner & Ludwick, 1971) , acrosome-free, motile spermatozoa have been observed after sperm capacitation . Capacitated rabbit spermatozoa require the presence of ova for acrosome loss to occur (Bedford, 1970) , but hamster spermatozoa do not (Yanagimachi, 1969) . Because the acrosome is perforated by vesiculation sometime before it becomes detached (Barros, Bedford, Franklin & Austin, 1967) , it is of interest to know whether the time of hyaluronidase release coincides with that of acrosome vesiculation or detachment.
A serum-based in-vitro system has recently been developed that capacitates 478 . J. Rogers and . E. Morton sufficient numbers ofhamster spermatozoa to investigate biochemically (Morton, Rogers & Chang, 1973) . Here, we report the results in our measurements of hyaluronidase release by hamster spermatozoa incubated under in-vitro condi¬ tions causing capacitation.
MATERIALS AND METHODS

Sperm incubation conditions
Our methods for sperm capacitation and in-vitro fertilization in the golden hamster are described in detail elsewhere . Hamster sperm¬ atozoa from the cauda epididymidis were suspended in Tyrode's solution at a concentration determined with a haemocytometer to be 2 to 4 107/ml. Of this suspension, 0-5 ml was added to 0-5 ml of the following five media: (1) Tyrode Assay for lactic dehydrogenase
The 1-ml sperm suspensions were centrifuged at 10,000 g for 5 min at 2°C to remove the spermatozoa. The supernatant fraction (0-3 ml) was assayed for lactic dehydrogenase activity (Morton & Albagli, 1973) . The Calbiochem LDH-L kit employing the spectrophotometric assay of Wacker, Ulmer & Vallee (1956) which follows the appearance of NADH at 340 nm was used. To obtain a value for the total lactic dehydrogenase content of the spermatozoa, the sperm suspension was treated with Triton X-100 at a final concentration of 1 % before the centrifugation step to release the enzyme.
Assay for hyaluronidase
Sperm supernatant fractions (0-2 ml), prepared as for the lactic dehydro¬ genase assay and also containing 2 mg crystalline human serum albumin, were added to 0-3 ml hyaluronic acid reagent. This contained 0-36 mg hyaluronic acid (Sigma, grade III-P, potassium salt from human umbilical cord) in 0-15 M-NaCl and 0-1 M-acetate buffer, pH 3-5, unless otherwise indicated. After incubation for 1 hr at 37°C , the hydrolysis was stopped by the addition of 0·1 ml of 0-8 M-potassium tetraborate, pH 9-1. Total sperm hyaluronidase content was determined by adding Triton X-100 to a final concentration of 1 % before centrifugation. In some cases, 0-2 ml commercial bovine testicular hyaluroni¬ dase (Nutritional Biochemical Corporation, 460 National Formulary Units/mg) was substituted for the sperm supernatant fraction in the amounts indicated.
The extent of substrate hydrolysis by hyaluronidase was determined colorimetrically by measuring the appearance of W-acetylglucosamine end-groups, using the method described by Reissig, Strominger & Leloir (1955) . Colour formation was linear up to 150 nmol JV-acetylglucosamine standard.
RESULTS
Evaluation of hyaluronidase assay
Under our hyaluronidase assay conditions, which were quite similar to those of Males & Turkington (1970) , jV-acetylglucosamine end-group colour forma¬ tion was proportional to the amount of bovine testicular hyaluronidase added over the 3-to 100-^g range tested. Since serum albumin is required for the capacitation of spermatozoa in vitro, the effect of crystalline human serum albumin upon the assay was investigated. A fivefold stimulation (Text- fig. 1 ) of hyaluronic acid hydrolysis occurred as the concentration of albumin in the incubation medium was increased beyond 0-3 mg/ml. This was paralleled by the appearance of a white turbidity which disappeared when the pH was raised by the addition of the tetraborate 'stopping reagent'.
The effect of albumin upon hydrolysis was further investigated by varying the hyaluronic acid concentration in the presence and absence of 2 mg albumin/ ml. The results shown in Text- fig. 2 indicate that in the absence of albumin, the amount of jV-acetylglucosamine colour formation was fairly constant above 0-1 mg hyaluronic acid/ml. In the presence of albumin, however, colour formation was highly dependent upon substrate concentration.
Since, theoretically, albumin could stimulate hyaluronic acid hydrolysis by modification of either the enzyme or its substrate, we performed experiments to determine which was the independent variable. In Table 1 , the effects of the molecular ratios of albumin (mol. wt 69,000; Tanford, Kawahara & Lapanje, 1967) Since we, and others, use 56°C-treated sera for sperm capacitation in vitro, it was necessary to determine whether the high molecular weight hyaluronidaseinhibitors reported to be present in sera (Mathews & Dorfman, 1955) (Morton & Albagli, 1972) . At 0-04% Triton, no acrosomes were visible under the light microscope. Gibbons & Gibbons (1972) To determine the extent of cell death occurring during the capacitation period, the appearance of cytoplasmic lactic dehydrogenase outside the sperma¬ tozoa was measured. We had previously found that 0-02 to 3% Triton X-100 did not inhibit this enzyme but released a constant amount of lactic dehydro¬ genase from hamster spermatozoa into the media (Morton & Albagli, 1972) .
Text- figure 3 shows that the amount of lactic dehydrogenase activity appear¬ ing outside spermatozoa incubated in Tyrode's solution increased about 28 % over the 4-hr incubation period. When serum dialysate and albumin were also present, about 16% of the Triton-extractable lactic dehydrogenase was lost from the cells. This loss of lactic dehydrogenase was less than the loss in the percentage of motile spermatozoa over the 4-hr period. The latter was 60% in Tyrode's solution and 50 % in serum dialysate-albumin. As reported elsewhere, these capacitation conditions did not greatly increase sperm survival but did maintain an extremely high rate of motility fig. 3 ). In addition, the extra¬ cellular levels of both enzymes at the beginning of the incubation were essen¬ tially identical. If albumin was omitted from the hyaluronidase assay, the apparent activity of the sperm enzyme was reduced three-to tenfold, in agree¬ ment with our observation on purified testicular hyaluronidase. This was expected because the testicular enzyme appears to originate from the sperma¬ tozoa (Males & Turkington, 1970 (Yanagimachi, 1970; ). Yet the presence of serum dialysate in the absence of albumin (Text- fig. 4b , lower curve) did not increase the release of hyaluronidase by spermatozoa and only slightly increased hyaluronidase release in the presence of albumin (upper curve) above that of spermatozoa incubated in Tyrode's solution and albumin (Text- fig. 4a ).
This contrasts with the effect of heat-detoxified human serum, shown in Text- fig. 5 , upon hyaluronidase release. Approximately one fourth more hyal¬ uronidase appeared in the medium from hamster spermatozoa incubated in these capacitating conditions than from those incubated in Tyrode's solution.
. J. Rogers and . E. Morton This is consistent with our earlier report that after a 4-hr incubation in this medium, about 50 % of the spermatozoa were motile and more than half of these were without acrosomes . . The effect of heat-detoxified serum upon the release of acrosomal hyaluroni¬ dase from hamster spermatozoa (see Materials and Methods section for conditions).
, Spermatozoa in Tyrode's solution; O, spermatozoa in heat-treated serum.
DISCUSSION
The ability of serum albumin to form an insoluble complex with hyaluronic acid has long been known and forms the basis of at least four different hyaluro¬ nidase assays (Tolksdorf, 1954 (Goldberg, 1963) We had previously found that up to 60 % of motile spermatozoa incubated for 4 hr in heat-treated serum were without acrosomes compared to up to 6 % in serum dialysate albumin and none in Tyrode's solution . Yanagimachi (1969) . It therefore appears that the detachment of the acrosome occurs a variable length of time after hyaluronidase is released. This gives meaning to our observation . J. Rogers and . E. Morton that although spermatozoa capacitated in the serum dialysate-albumin medium show much less acrosome loss, they are as effective in fertilizing as are sperma¬ tozoa capacitated in heat-treated serum . It 
